Level and Stability of Self-Esteem 8 attributable to non-shared environmental influences (Kendler, Gardner, & Prescott, 1998; Roy, Neale, & Kendler, 1995) . The large magnitude of non-shared environment suggests that the unique environments that people experience account for the majority of between-person variation in levels of self-esteem.
In adolescents, the evidence concerning genetic influence on self-esteem level is somewhat mixed. Heritability estimates are at 60% in mid-adolescence, but non-significant in early adolescence (McGuire et al., 1999) . In children, the evidence is also mixed. Mother and teacher reports yield heritability estimates greater than 60%, but children's own reports do not always show significant genetic influences (Neiderhiser & McGuire, 1994) . It is unclear whether the disparate heritability estimates result from developmental changes in the magnitude of genetic influence or from the small sample sizes in some of the research. In addition, the literature has two notable weaknesses. First, self-esteem has typically been the secondary rather than primary research focus. Second, the typical assessment method has involved nonstandardized inventories. The first objective of the current investigation was to provide a rigorous test of the hypothesis that self-esteem level is genetically influenced.
Only two studies have assessed whether change or stability in self-esteem is attributable to genetic factors, shared environmental factors, or non-shared environmental influences.
Longitudinal studies involving adolescents (McGuire et al., 1999) and children (Neiderhiser & McGuire, 1994) found that genetic influences largely accounted for phenotypic stability. Nonshared environmental influences explained change in self-esteem over time. However, these studies assessed long-term trait stability rather than the predilection to experience frequent fluctuations in current or immediately feelings of self-worth. The second and more important objective of the present investigation was to find out if perceived self-esteem stability Level and Stability of Self-Esteem 9 (operationalized as experiential frequency of short-term fluctuations in self-esteem) is genetically influenced. To that effect, we used a repeated measures design to strengthen confidence in the genetic and environmental estimates obtained. We assessed level and perceived stability twice across a three-month interval.
Finally, we wished to move beyond identifying the extent of genetic and environmental influences on self-esteem level and perceived stability at the univariate level. Identifying genetic and environmental factors underlying the relation between the two contributes additional information on how they are distinct. Thus, the third and most important objective of the investigation was to examine whether the two self-esteem components are subject to different genetic influences.
Level and Stability of Self-Esteem 11 variance is the sum of the shared environmental variance, genetic variance, non-shared environmental variance, and measurement error.
The twin design estimates the variation in observed traits that can be ascribed to genetic influences by comparing the similarity between MZ twins and DZ twins (Neale & Cardon, 1992) . MZ twins share all genes that vary between individuals, whereas DZ twins share, on average, half of those genes. In the current study, all twins were reared together. Because the twin pairs share the same family, they are assumed to be influenced equally by those environmental influences that increase similarity among siblings (equal environment assumption). Given that siblings are equally influenced by shared environment, if MZ twins are more alike than DZ twins, this pattern can be attributed to their greater genetic resemblance, thus providing evidence for heritable influences. If, however, the MZ twins are no more similar than the DZ twins, there is no evidence for heritable influences on the trait. Rather, twin resemblance can be ascribed to shared environmental influences. Non-shared environmental influences are those environmental factors that serve to make twins different from each other. Non-shared environment estimates also include measurement error.
In a multivariate analysis, similar logic is extended to the overall pattern of relations among variables. Genetic influences affecting multiple variables in common are implicated when the MZ cross-correlation (the correlation between one twin's score on a variable with the other twin's score on a second variable) is greater than the DZ cross-correlation. We used two forms of multivariate genetic analysis. The first was a bivariate Cholesky analysis which identified the extent to which the genetic and environmental influences on one measure (i.e., level) also influence a second characteristic (i.e., stability) at any one time point. The second is a common pathway model which examines in more detail the origins of shared genetic and environmental Level and Stability of Self-Esteem 12 influences both between measures and between time points.
Results
First, we examined phenotypic relations. Because individuals in twin pairs are not sampled independently, we used the PROC MIXED procedure in SAS 9.1 (SAS Institute Inc.) to adjust the standard errors using the Huber/White sandwich estimator (Maas & Hox, 2004) . Level and perceived stability were related significantly at both time one (b = .27, p < .001) and time two (b = .26, p < .001), indicating that people with higher level also reported greater stability.
This pattern is consistent with past research (De Cremer & Sedikides, 2005; Kernis et al., 2000; Kernis & Waschull, 1995; Roberts et al., 1995) . Further, levels were significantly correlated across the two time points (b = .73, p < .001). Also, perceived stability correlated significantly across time (b = .56, p < .001).
Age was not significantly related to level or perceived stability. However, the two variables differed by gender. Males reported higher levels (t time1 = -3.04, p < .01; t time2 = -2.82, p < .01) and greater stability (t time1 = -3.75, p < .001; t time2 = -3.25, p < .01) at both time points.
Age and gender effects may artificially inflate estimates of twin similarity. We did not have theoretical reasons to believe that the magnitude of genetic or environmental influences would differ across the age range of the participants, nor did our design have the statistical power to test for gender differences in the magnitude of genetic or environmental influences. The standard appropriate solution in this case is to regress out the effects of age and gender. Therefore, we used residualized scores controlling for both age and gender in all subsequent analyses.
Behavioral Genetics Analyses
Because our sample included both same-sex and mixed-sex DZ pairs, we investigated whether sibling resemblance differed across these two groups. To examine gender differences in Level and Stability of Self-Esteem 13 sibling similarity, we used regression analyses predicting sibling 1 's values on each variable from sibling 2 's value, type of DZ twin pair, and a sibling 2 X type of twin pair interaction term. Sibling resemblance did not interact with sibling type: Same-sex DZ twin pairs were no more alike than mixed-sex DZ pairs in level or perceived stability. We therefore combined all DZ twin pairs in the analyses. Table 1 displays the twin correlations and descriptive information for level and perceived stability. The cross-twin correlations, both within and between traits, are demarcated by dotted lines. The cross-twin correlations within traits are highlighted by the solid boxes within the dotted lines. The MZ twins showed a somewhat greater resemblance in both level and perceived stability as compared to the DZ twins. This pattern signifies genetic influences for both level and perceived stability. In addition, the cross-correlations (e.g., Level_Twin 1 with Stability_Twin 2) were also higher among MZ twins, suggesting common genetic influences underlying both selfesteem components. We estimated the genetic and environmental influences on self-esteem with structural equation models, analyzed with the Mx program (Neale, 2002) . We tested first bivariate Cholesky models, in order to assess the relation between level and perceived stability within each time point. These analyses guided the final model, which examined simultaneously genetic and environmental influences on the two self-esteem components at both time points. A Cholesky decomposition is a standard model for bivariate behavioral genetics analyses (Neale & Cardon, 1992) . Alternative models may have more parameters (for example, specific genetic and environmental components on all variables), but can run the risk of overfactorization in the bivariate case. The Cholesky decomposition suited well our research questions: it modeled directly the relation between level and perceived stability and also allowed for estimation of any remaining genetic or environmental influences on perceived stability. The common genetic and environmental paths to self-esteem level (see paths a 1l , c 1l , and e 1l in Figure   1 ) estimated total genetic and environmental effects for this variable. The common genetic and environmental paths to perceived stability (a 1s , c 1s , e 1s ) decomposed the correlation between level and perceived stability into three components: genetic, shared-environment, and non-shared environment. The specific paths to stability (a 2s , c 2s , e 2s ) estimated those genetic and environmental effects that influence perceived stability alone, separate from level. The combined effects of the common and specific paths to perceived stability allowed calculation of total genetic and environmental influences on this variable.
______________________________
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Insert Table 2 present the path estimates and total genetic and environmental effects for this model. The first column represents the common genetic and environmental paths to both level and perceived stability. Squaring the path estimates to level yields the portion of variance in level accounted for genetic and environmental factors. As can be seen in the third column, genetic influences on self-esteem level were substantial (47%), whereas shared environmental influences were minimal (2%). Non-shared environmental influences were also substantial (51%).
The genetic and environmental effects on perceived stability are broken down into those effects common to level (Factor 1) and those effects specific to perceived stability (Factor 2).
Perceived stability demonstrated common genetic, shared environmental, and non-shared environmental influences with level. All shared environmental effects were held in common with level. Specific genetic and specific non-shared environmental paths were larger, however, than the common paths. Stated differently, perceived stability showed moderate distinct genetic and non-shared environmental influences.
Total genetic and environmental estimates are calculated by summing the squared paths for each effect (Factors 1 and 2 ). For example, for perceived stability the total genetic influence Level and Stability of Self-Esteem 16 is .39 2 + .55 2 = .45. Again, both genetic (45%) and non-shared environmental (52%) influences were substantial, whereas shared environmental effects were minimal (3%).
Time 2 bivariate Cholesky model. The Cholesky ACE model fit well the data at time 2 also, as evidenced through a non-significant chi-square value, χ 2 (11, N = 172) = 2.28, ns, and low RMSEA (.000). The final four columns in Table 2 present the path estimates and total genetic and environmental effects for the Cholesky model at time 2. Again, separate columns represent the common genetic and environmental paths (Factor 1) and the specific genetic and environmental paths (Factor 2). Genetic influences on self-esteem at time 2 were modest (19%) whereas shared environmental influences were larger (30%). Once again, non-shared environmental influences were substantial (52%). As in the previous analysis, perceived stability demonstrated common genetic and environmental influences with level alongside substantial specific genetic and environmental influences.
Common pathway model. The previous analyses left open two important questions. First, do the common genetic and environmental influences arise because level and perceived stability are indices of a unidimensional and overarching self-esteem factor? Second, are the somewhat different estimates of genetic and environmental influences across the two time points meaningful? In order to address these questions, we modeled simultaneously genetic and environmental influences on self-esteem level and perceived stability across both time points using a common pathway model. The purpose of this analysis was to probe the presence of a higher-order common factor for level and perceived stability and the importance of cross-time fluctuations.
In the full common pathway model, both level and perceived stability load on one higherorder Self-Esteem factor. The common genetic and environmental effects on level and perceived Level and Stability of Self-Esteem 17 stability operate through this higher-order factor. Specific genetic and specific environmental effects influence directly the observed phenotypes. This model allowed us to test whether level and perceived stability can be seen as indices of one super-ordinate construct. Fit estimates are displayed in Table 3 . This model yielded a poor fit, as evidenced by a significant chi-square, χ 2 (54, N = 172) = 124.12, p < .001, and a high RMSEA of .110.
We then applied a set of constraints to examine the statistical significance of the observed differences in magnitude of genetic and shared environmental influences between Time 1 and Time 2. We constrained the factor loadings from the higher order factor to level at both time points to be equal, and the loading to perceived stability at both time points to be equal. We also constrained the corresponding specific paths to level at both time points to be equal, and the specific paths to perceived stability at both time points to be equal. This model, the constrained common factor model, still indicates that level and stability operate through one higher-order factor. However, it also adds the constraint that cross-time differences in either construct are relatively insubstantial. Table 4 .)
_________________________________________
Insert Table 4 Approximately Here _________________________________________ Despite a significant chi-square value, the constrained model warranted further interpretation in light of the overall fit, given the sample size and the equality constraints that we applied. As can be seen in this model, genetic influences on the latent Self-Esteem factor were substantial (.74 x .74 = 55%), shared environmental influences were modest (9%), and nonshared environmental influences were also substantial (36%). Level loaded more strongly on latent Self-Esteem than did perceived stability.
The results disconfirm the notion that level and perceived stability of self-esteem represent simply indices of one common factor. The lack of absolute fit can be seen as evidence that despite sharing a common genetic and environmental structure, the two variables do not index well a higher-order latent factor. Inspection of the specific genetic and environmental effects reveals additional support for the distinctiveness of level and perceived stability, evidenced by a moderate genetic effect specific to stability. This effect was statistically significant (see Table 4 for the confidence intervals around the estimates), suggesting that perceived stability of self-esteem was influenced by additional genetic influence (e.g., 23% of the variance in perceived stability) after modeling the common genetic influences on both level and perceived stability. Self-esteem level, however, showed no evidence of specific genetic or shared environmental influences. Specific non-shared environmental influences accounted for Level and Stability of Self-Esteem 19 significant variance in both level and perceived stability. These specific non-shared environmental effects included also measurement error for each component of self-esteem.
Discussion
The current study examined the relation between self-esteem level and perceived stability using both phenotypic and behavioral genetics analyses. The results highlighted the importance of genetic and non-shared environmental influences for explaining variance in level and perceived stability of self-esteem as well as the covariance between the two components. The findings underscored commonalities between the variables, while also shedding light on what is unique about perceived stability.
Phenotypic Analyses
We began by investigating the phenotypic relation between self-esteem level and perceived stability. Participants with higher level of self-esteem reported greater stability of selfesteem. This pattern of results is consistent with previous research. For example, Kernis et al.
(1989) obtained a correlation of .62 between level and perceived stability, Kernis et al. (1992) reported a correlation of .58 between these two constructs, and De Cremer and Sedikides (2005) obtained a correlation of .55. The phenotypic relation between level and perceived stability is consistent with the finding that individuals with lower self-esteem are less certain about their opinion of themselves (Campbell, 1990; Kernis et al., 2000) . Additionally, the correlation between level and perceived stability reaffirms the need to identify the common antecedents of each. Our behavioral genetics analyses explored further this latter concern, by providing an analysis of the genetic and environmental architecture underlying the two variables.
Behavioral Genetics Analyses
We examined genetic and environmental contributions to between-person differences in
Level and Stability of Self-Esteem 20 both self-esteem level and perceived stability, as well as genetic and environmental contributions to the relation between the two. We assessed each variable twice. A series of analyses pointed to moderate genetic influences on both level and perceived stability, minimal shared environmental influences, and substantial non-shared environmental influences. This pattern suggests that genetic influences explain sibling similarity in level and perceived stability, whereas environmental effects make siblings different from one another.
Overall, the current research bolsters the notion that self-esteem level among preadolescents and adolescents is genetically influenced. Previous studies of adolescents and children have reported rather mixed findings concerning the magnitude of genetic influences on level, with estimates at some time points being non-significant (McGuire et al., 1999;  Note: The correlations demarcated within the dotted line boundary are the cross-twin correlations both within and between traits.
Greater MZ than DZ values for these correlations indicate the possible role of genetic factors for variance in a trait and in covariance between traits respectively. n = 76 DZ pairs; n = 96 MZ pairs (sample size decreased due to listwise deletion of missing data). **p < .01. ***p < .001.
Level and Stability of Self-Esteem 38 Note. a = additive genetic influences; c = shared environmental influences; e = non-shared environmental influences. Parameter estimates in boldface type are statistically significant (p < .05).
Level and Stability of Self-Esteem 39 Note. A= additive genetic influences; C = shared environmental influences; E = non-shared environmental influences. 
